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ilverview Twenty Three

OVERVIEW
BASIC ELECTRICITY AND ELECTRONICS

MODULE TWENTY THREE

Multivibrators

In this module you will learh about moltivibrators. Multivibrators may be
thought of_As square wave generators. The output may be continuous square-
waves, or pulses triggered by input waveforms.

This module has been separated into the following three lessons:

Lesson I Bistable Multivibrator Operation (Flip-Flop)
Lesson II Astable Multivibrator Operation (Fred-Running)
Lesson III Monostable Multivibrator Operation (One-Shot)

2
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BASIC ELECTRICITY AND ELECTRONICS

NDDULE TWENTY THREE

LESSON I

BISTABLE NULTIVIBRATOR OPERATION (FLIP-FLOP)

Se



Overview Twenty Three -1

OVERVIEW

23.1.45.1 CONSTRUCT i'basic flip-flop (bistable) multivlbrator, given
a schematic diagram or a parts layout template for a flip-
flop multivibrator and a supply of parts. The constructed
circuit must be operational as specified in the job program.

23.1.45.3.1 IOENTIFY the normal output waveform of a basic flip-flop
multivibrator by selecting the illustration which resembles
the normal output waveform of a flip-flop multivibrator for
which the input signals and a flip-flop toggle) wilbol
are given. At least one input pulse will have no effkif.
100$ accuracy is required.

Enrichment Material(s):

Basic Electronics, Vol. 2, NAVPERS 10087-C

a

YOU MAY USE ANY OR ALL, RESOURCES LISTED ABOVE, INCLUOING THE LEARNING
SUPERVISOR; HOWEVER, ALL MATERIALS L'''EO ARE NOT NECESSARILY,REQUIREO
10 ACHIEVE LESSON OBJECTIVES. THE P TRESS CHECK MAY BE TAKEN AT ANY

TIME.

6 12 °



Study Resources Twenty Three -,1

LIST OF STUDY RESOURCES
LESSON 1

Distable Multivibrator Operation (flip - flop)--

To learn the material in this lesson, you have, the option of choosing,
according to your experience and preferences, any or all of.the follow
Ing study rem N:

Written Lesson sentation in:

Module Booklet:

Summary
Programmed Instruction
Narrative

Student's Auide:

Job Program Twenty Thrie -I "Flip-Flop Multivibrator"
Progress Check

Additional Material(s):

Audio/Visual Program Twenty Three-I "'listable Multivibrator"

Enrichment Material(s):

Basic Electronics, Vol. 2, MAPERS 10087-C

YOU NAY USE ANY, OR ALL, RESOURCES LISTED ABOVE, INCLUDING THE LEARNING
SUPERVISOR; HOWEVER, AL! MATERIALS 0-7ED ARE NOT NECESSARILY REQUIRED
TO ACHIEVE LESSON OBJECTIVES. THE P TRESS CHECK NAY BE TAKEN AT ANY

TIME.

6 12



Summery Twenty Three-I

The block diagram symbol for a flip -flop ,gircuit is shown in Figure 2.

F/F 0
Figure 2

2 .

The two inputs are designed Set (s) and Clear (C). he two *outputs are
Identified as "1" and "0". A trigger pulse or the Set input will cause
the "1" output to go either positive or negative dependin on the type

04
of transistors.used: At the same time the "0" output wi ;1 equal zero
volts. If the "1" output measures high voltage, the " output must
measure a low voltage -- usually zero volts.

A clear state exists when the "1" output measures low voltage and the "0"
outul su ;

I
eh ltaae. 'The flip-flop will,flo to the clear state

CX2

Cl
CR1 R2

Figure 4

CR2
C2

C

This steering network (CR1, CR2) will steer a positive input pulse to
the saturated transistor -- causing it to cut-off.

1
9

5



Summary Twenty Three -I

Ever time a positive pulse is applied to the T input, the flip-flop will

e states. This is accomplished with a diode steering network as

shgwn in Figure 4. (Note that if NPN traasistors were used the diodes
would have to be reversed and the T signal would have to be negative.)

This steering network'(CRI, CR2) will steer a positive input pulse to

the saturated transistor -- causing it to cut -off.

15
9



P. l.

PROGRAMMED INSTRUCTION
LESSON I

Bistable Multivibrator Operation (Flip-Flop)

Twenty Three-I

lb.

TEST FRAMES ARE 9 AND 15. AS BEFORE, GO FIRST TO TEST FRAME 9 AND SEE IF

YOU CAN ANSWER ALL THE QUESTIONS THERE. FOLLOW THE DIRECTIONS GIVEN AFTER
THE TEST FRAME.

1. As etechnician, you will encounter many applications of two-position

switches. Bistable multivibrators function as if they were two-position
switches: two-posittOn electronic switches. Technicians generally know
this circuit by another name: the flEpArlop. Flip-flops can "flip"
rapidly to one state or "flop" rapidly back to their, original state. If

. s .

INPUT
Nat

Figure 1

The flip -flop circuit is completely symmetrical. Notice that there are
two inputs coupled to the bases of the transistors._ The two outputs are
coupled from the collectors of the transistors. Think of the flip-flop
circuit as two common-emitter amplifier circuits -- where the output of
one amplifier is connected to the input of the other amplifier and vice-
versa.

Refer to Figure 1. Point D is the output of transistor Q2. Notice that
point D is connected through R4 and C4 to point A. Point A is the input
to transistor Ql.

Also point C -- which is the output of Ql -- is connected through R3
and C3 to the input of transistor Q2 (point B).

The output of one transistor will affect the input of the other transis-
tor.

The voltage on the collector of Q2 will affect the voltage on the base
of

18
12



P.1. Twenty Three-1

2. Study the schematic of a-basic flip-flop shown in Figure 1. It's

not as complicated as it first appears.

Figure 1

The flip-flop circuit is completely symmetrical. Notice that there are
two inputs coupled to the bases of the transistors..., The two outputs are
coupled from the collectors of the transistors. Think of the flip-flop
circuit as two common-emitter amplifier circuits -- where the output of
one amplifier is connected to the input of the other amplifier and vice-
versa.

Refer to Figure 1. Point D is the output of transistor Q2. Notice that
point D is connected through R4 and.C4 to point A. Point A is the input
to transistor Ql.

Also, point C -- which is the output of Ql -- is connected through R3
and C3 to the input of transistor Q2 (point B).

The output of one transistor will affect the input of the other transis-
tor.

The voltage on the collector of Q2 will affect the voltage on the base
of

18
12



P. I. Twenty Three-I

3. When we apply power to the flip-flop, one of the transistors will go
to saturation and the other transistor will go to cutoff. Why should
the transistors react differently?

Actually, the transistors are matcH6d as closely as possible. However,

because of slight differences in conduction properties betwee,. any two
transistors, the circuit will be slightly off-balance. This small differ-
ence causes one transistor to conduct more than the other. The transis-
tor with the higher initial current flow will go into saturation. Remember
that the output of one transistor affects the input of the other transistor.
Because of the reduced voltage at the output of the saturated transistor,
the other transistor will be forced into cutoff.

if one transistor in a flip-flop is saturated, the other transistor must
be

41w

cut-off

4. In order to explain why one transistor must be cut-off when the other
transistor is saturated, let's assign typical values to the components
and voltages in a flip-flop. Temporarily ignore the input capacitors
and capacitors C3 and C4. The simplified typical circuit is shown in
Figure 2.

Figure 2

Two voltage divider networks extend from -10v (-Vcc) to +6v (+Vbb). One
voltage divider consists of resistors RI, R4, and R6. The other voltage
divider consists of resistors R2, R3, and R5.

13



P.I. Twenty Three-I

Which voltage divider network supplies the bias potential to the base of
Qi?

, and

R I Rh and R6.

5. Let's assume that in the
Q2 is cutoff. Remember,that
of a saturated transistor is
voltage drops on the voltage

r

4-

4,

01
(SATURATED)

initial state transistor Qi is saturated and
the voltage drop from the base to the emitter
essentially zero volts. Figure 3 shows the
divider network connected to the base of Ql.

1-Vec1 -10v

*v v
4040

AS 240
eY -Lev

OUTPUT
110.2

4040 111 t:
Iv

i+Vbel +ev

44tiv

IN. 102
MUT-040

Figure°3

Since no current flows through Q2, very little voltage is dropped across
"R6 (approximately .5v). The voltage at Output P2 in respect to ground
would measure approximately -9.5V.

The voltage at the collector of the cutoff transistor (Q2) is approximately

a. -Vcc

b. Ov
c. +Vbb

i7--TIEE-(a hi h volt e out ut at out ut /2).
7

20



P.I. Twenty Three-I

6. .Refer to Figure 4 for the values on the other voltage divider network.

2K0
10v

1

4040

;'

r ... "'

2.

f
:: RS Imo

(SATURATED) ...../

( Vcc) 1111,

RS

4v

i+1414 +44

Figure 4

(Iv

Cl
(CuT OP

Since Q1 is saturated, there is a high current flow through R5. You would
measure approximately zero volt* (ground potential) at point C. Notice
that the base of transistor Q2 is between Ov (at point C) and +6v (at +Vbb).

Therefore, the voltage at the baseof transistor Q2 must be (positive/
negative) .

positive (etween Ov and +6v)

7; A positive voltage on the base of a PNP transistor will cause that
transistor to become cutoff.

As you can see, the voltage on the base of one transistor is dependent on
the voltage on the collector of the of transistor.

One transistor is saturated; the other must be cut off. The flip-flop is
stable in this state.

Do not forget that the flip-flop is a "1)W-stable multivibrator,
(2).

The flip-flop has stable states.

15



P.I. Twenty Three-1

two (2) _AI

13. So how do we charge the state of the flip-flop?

Lets return the capacitors to the bistabie multivibrator (Figure 5).

aminT ousnrr
NO.1 NO.2

Os

CMIT-OFF)

INPUT INPUT
NO.1 NQ!

Figure 5

Capacitors C3 and C4 are used to transmit more rapidly any changps in
voltage from the collector of one transistor to the base of the other
transistor. Cl and C2 are input coupling capacitors.

As before. assume that transistor Qi is saturated and transistor Q0 is
cut-off. We now have a choice. We could apptya positive-going pulse
to input 01 to clause Q1 to change from saturation to cut-off. Or we
could achieve the same result by applying a negative-going pulse to
input 02. Transistor Q2 would then change from cut-off to saturation.
Normallyt_a pulse is applied to.the saturates transistor -- causing it
to cu:-off. An input pulse which is of the correct polarity to change
the state of the flip-flop is called a "trigger" pulse.

If Q2 in Figure 5 is saturated. the preferred method for changing the
state of the circuit is Po apply a (positive/negative)_ pulse to (Ql /Q2).

positive, Q



P.I. Twenty Three-I

9. TEST FRAME

In Figure 6, we have applied a positive-going pulse to input, #1 at time
T1.

-vac -'r --

0v- --r OUTPUT

immLIII"
I ' NMI

114
NO2 '

. ,'1"44*

4

I 5 o

I 6 I s oI I

-r--r--t 02 r
TO TI Ti TO TI Ti

C

ms
-r--r--r

cw

INPUT INPUT
NO.1 NO.2

Figure 6

Now: 41.1 is ; Q2 is

THIS IS 'A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT ANSWER GIVEN
AT THE TOP OF THE NEXT PAGE.

17
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P.I. Tw4nty Three-1

cut-off, saturated (in that order)

IF YOUR ANSWERS MATCH THE CORRECT ANSWERS, YOU MAY GO ON TO TEST FRAM IS.
OTHERWISE GO SACK TO.FRAME 1 ANO.TAKE THE PROGRAMMED SEQUENCE BEFORE. TAKING
TEST FRAME 9 AGAIN.

10. Apply a second positive-going pulse to input /1. Mere will be rib
effect. Why? Because Q1 is already cut-off.

New apply 1 positive pulse to input 02; Ql will go back into saturation
and Q2 will again be cut -off; see Figure 7.

The 1 output w measure approximately Vcc.

12. A simpler way to.show a flip-flop, once you understand how it func-
tions, is to draw a block diagram to represent the circuit. A special

. kISO of block has been adopted as a standard symbol for the flip -naps
and it looks like this:

F/F

Figure 9

The two inputs are represented by the lines on the left and the outputs
by the lines on the right.

INPUTS to flip-flop are S (SET) and C (WAR)
OUTPUTS from flip-flop are "I" and "0" -

19 25



P.I. Twenty Three -1

A trigger pulse applied to the Set input causes the "1" output to go
positive or negative, depending on the type of transistor. At the same
time, the "0" output will ecval zero volts. This condition is called
the Set State. in the set state the "1" output is a high voltage (or
justInrirrand the "0" output is zero volts.

1

bin*, Pulse s

CIF

+ervoltolis

4 0 vasC

Figure 10

If another trigger pulse is applied to the Clear input, this produces
a positive or negative voltage (high) out or5;7"0"output. The "1"
output goes to zero volts (low). This condition is called the Clear
State.

Triggs'

C

0 volts

Figure 11

To determine what state the flip-flop is in, you can measure either the
"1" or the "0" output.

Using a voltmeter you measure the "1" output end find -6v. The flip-
flop is in the (clear/set) state.

set

13. Some flip-flops use a third input lead. This third input lead is
called a "Toggle" (T) input. Every time we apply a pulse to the T in-
put, the flip-flop will change states. Refer to Figure 12.

9t;
20



Twenty Three-I

Figure 12

The two diodes (CR1, C112) form a "steering network". This steering net-

work will steer a positive input. pulse to the saturated transistor --
causing it to cut-off. Negative pulses are blocked by the diodes. (Note

:hatif NPN transistors were used the diodes would have to be reversed
and the. T signal would haveto be negatlie.)

For example, let's say that Q1 is saturated and Q2 is cut-off. We apply

a positive pulse at T. The pulse will be passed to both transistors.
The positIvepuise will not affect Q2 since it is already cut-off. Q1,

however, will cut-off which will cause Q2, to become saturated. The tran-

sistors have reversed states. . %

What will happen if we apply another,positive pulse at T?

The transistors will again changestates Qi will be saturated and Q2

will be cut-off (or words to t t effect

21 27
41



P . 1 . Twenty Three-I

15. TEST FRAME

Draw the correct "1" output waveform for the flip-flop in Figure IS with
the Set (S), Clear (C), and Toggle (r) inputs shown. (Assume flip-flop
originally in the Clear state.)

M. MI

TO T1 T2 T3 T4 Te T6

Figure 15

THIS IS A TEST FRAME. COHPARE YOUR ANSWER WITH THE CORRECT ANSWER GIVEN
AT THE TOP OF THE NEXT PAGE.

23 29



P.I. Twenty Three-I

IS. TEST FRAME

Draw the correct "1" output waveform for the flip-flop in Figure IS with
the Set (S), Clear (C), and Toggle (T) inputs shown. (Assume flip-flop
originally in the Clear state.)

446

I

M. MI

1 t
TO Ti T2 T3 T4 T5 TO

Figure 15

THIS IS A TEST FRAME. COHPARE YOUR ANSWER WITH THE CORRECT ANSWER GIVEN
AT THE TOP OF THE NEXT PAGE.

23 29



P. I. Twenty Three-I

ov
-Yea

TO 11 T2 T3 T4 TB TO

IF YOUR ANSWER MATCHES THE CORRECT ANSWER YOU NAVE COMPLETED THE PROGRAMMED
INSTRUCTION FOR LESSON I MODULE TWENTY THREE. OTHERWISE GO BACK TO FRAME
10( AND TAKE THE PROGRAMMED SEQUENCE BEFORE TAKING TEST FRAME 15 AGAIN.

AT THIS POINT, YOU NAY TAKE THE LESSON PROGRESS CHECK. IF YOU

ANSWER ALL SELF-TEST ITEMS CORRECTLY, PROCEED TO THE NEXT LESSON.
IF YOU INCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS,
THE CORRECT ANSWER PAGE WILL REFER YOU TO THE APPROPRIATE PAGES,
PARAGRAPHS, OR FRAMES SO THAT /IOU CAN RESTUDY THE PARTS OF THIS
LESSON YOU ARE HAVING DIFFICULTY WITH. IF YOU FEEL THAT YOU NAVE
FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSON, SELECT AND USE
ANOTHER WRITTEN MEDIUM OF INSTRUCTION, AUDIO/VISUAL MATERIALS (IF
APPLICABLE), OR CONSULTATION WITH LEARNING SUPERVISOR, UNTIL YOU
CAN ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY.

50

24



Narrative Twenty Three-I

The circuit probably looks complicated to you if you are seeing it for

the first time. Actually, because it is symmetrical, we can analyze'ie

with little difficulty. The inputs are coupled to the bases of the
transistors and the outputs are coupled from the collectors of the tran-
sistors. Think of the flip-flop as two common-emitter amplifier circuits
-- where the output of one amplifier is connected to the input of the
other amplifier and vicevei-sa. Refer to Figure I. Point D is the out-

put of transistor Q2. Notice that point 0 is connected through R4 and C4
to point A. PoInt.A is the input to transistor 111.

By the same token, point C -- which is the output of Ql -- is connected
through R3 and C3 to the input of transistor Q2 (point B)'. The_output
of one transistor will affect the input of the other transistor.

When wt apply power.to the flip-flop, one of the transistors will saturate

and the other transistor will cut off. But because of slight differences
in EondUction properties between any two transistors, one transistor will
conduct slightly more than the other transistor. This slight difference
in conduction properties is enough to throw the flip-flop off balance.
One of the transistors will continue to increase its current flow until
It reaches saturation. When this transistor reaches saturation, its

colleCtor voltage is very low in respect to ground. Since the voltage
on the collector of one transistor affects the base voltage of the other
transistor, the other transistor will be forced into cut-off.

The transistors operate almost as if they were two mechanically Inter-
connected switches. When one switch opens, the other switch is forced
to close, and vice-versa (Figure 2).

SWITCH 1 ______
(01)

. SWITCH 2

Figure 2

At no time can both switches (transistors) be in the same state.

If one transistor in a flip-flop is saturated, the other transistor
must be

cut-off

26 32



Narrative Twenty Three-I

Since no current flows through Q2, very little voltage is dropped across
R6 (approximately 0.5v). The voltage at output 02 would measure -9.5v
in respect to ground (approximately -Vcc).

This voltage (-9.5v) is considered to be a high voltage output at output
02. (Output 02 is said to be high.)

Refer to Figure 5 for the values on the other voltage divider network.

I
WO its

10v

I
Fs %

01 I _,I-r- Z /r
(SATURATED, kel -/- s,

t* ''' 4,
I

4, .-
t-. !---

14mmo HIV

I -Yeel -1011

02
(CUTOFFi

ft2 sow

Figure 5

Since Qi is-saturated, a large current-flows through R5. You would measure
appn2Ximately zero volts (ground potential) at point C. Notice that point

B is located between point C (at Ov) and +Vbb (at 6v). You would measure
a positive voltage (between Ov and 6v) at the base of Q2 (point B). A

positive voltage on the base of a PNP transistor will cause that transis-
tor to become cut-off,

One transistor is saturated the other must be cut-off. The flip-flop is

stable in this state.

no not forget that the flip-flop Is a "bi" -stable multivibrator:
bi meaning'two (2); the flip-flop has two itable states.

So how do we change the state of the flip-flop?

34

28
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Narrative' Twenty Three-1

Let's return the capacitors to the listable multivibrator (Figure 6).

Re

arm
OUTPUT

110.1

01

SATURATED,

-Vac
OUTPUT

NO.2

02

INPUT HOW
eel NO.2

ICUTeOrn

Figure 6

Capacitors C3 and C4 transmit more rapidly any chart es in voltage from
the collector of one transistor to the base of the ot er transistor.
Capacitors Cl and C2 are input coupling rapacitors.

As before, assume that transistor 01 is saturated and transistor Q2 is
cut-off. We now have a choice. We could apply a positive -going pulse
to input #1 to cause Q1 to change from saturation to cut-off. Or we
could achieve the same result by applying a negative-going pulse to input
#2. Transistor Q2 would then change fromcut-off to saturation. Normall

a pulse is applied to the saturated transistor -- causing it to cut-o
In input pulse which Is of the correct polarity to change the state of
the flip-flop is called a trigger pulse.

29



Narrative Twenty Three-I'

In Figure 7, we have applied a positive-going pulse to input #1. The
flip-flop has changed states. Now: Ql is cut-off; Q2 is saturated.
This input pulse Is a trigger pulse.

OUTPUT
1P.1
Or

-Tee

OUTPUT
NO!
Or

02

/1:12T-OFF) ISMATURATEDi

INPUT INPUT
1104 110.2

Figure 7

Apply a second positive-going pulse to input #1. The effect is: no
effect!! Why? Because Ql is already cut-off, a positivespulse on its
base will have no effect.

But if you now applied a positive-going pulse to input 12f thflip-flop
would change hack to its original state (Figure 8).

&.

Figure 8.

36
io



Narrative Twenty Three-1

So far, our basic flip-flop used only PNP transistors. We could have just
as easily used NPN transistors. Functional operation doesn!t change,
only the polarities required for Conduction and cut-off change:

As a technician, you may see either type NPN or PNP. All ypu are really
concerned with is whether or not it operates properly. To avoid Possible
confusion with voltage polarities, we sometimes use a symbolic block dia-
gram, see Figure 9.

INPUTS{ S F/F I ,POCTPUTS
C 0

Figure 9

INPUTS to flip-flop are S(SET) and C(CLEAR)
OUTPUTS from flip -flop are "1" and "0"

A trigger pulse applieddto the Set input causes the "1" output to go
positive or negative, depending on the type of transistor. At the same
time the "0" output will equal zero volts. This condition is called
the Set state (Figure 10).

I

Thaler Pula
S 1F/ F 0

i

C

Figure 10

+Of - WHO,

0 VON*

If another trigger pulse is applied to the Clear input, this produces a
positive or negative'voltage out of the "0" output. The "1" output goes
to zero volts. This condition is called the Clear Statepee Figure 11.

To determine what state the flip-flop is in, you can measure either the
"1" or the "0" output. Measuring 0 volts at the "1" output tells us the
flip-flop is in the Clear state. If, on the other hand, we had measured
the NY' output, the positive or negative voltage would also have told us
we were in the Clear state. Either way, we'd only need to take one
reading.
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Narrative Twenty Three-I

1. let
2. Cleat

3. Clear
4. Set

Look now at-Figure 13. The flip-flop is originally in the set state.

I

I

TO T1 T2 T3 TO TI T2 13

Figure 13

In Figure 13, compare the changes in output voltage at each point in time
(TO, T1, etc.) with the input pulses. Careful study of this figure should,
establish in your mind exactly how a flip-flop'works.

Some flip-flops use a third input liad. This third Input les0 1$ called a
"Toggle" (T) Input. !Wu:Lees we apply a pulse to the ."T" Input, the
flip-flop will change states. Refer to Figure 14.

Figure 14
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Narrative Twenty Three -!

The two diodes (CRI.. CR2) form a "steering network". This steering network
will steer a positive input pulseto the saturated transistor -- causing

. it to cut-off. Negative pulses are blocked by the diodes. (Note that if
NPN teansistors were used the diodes would have to be reversed and the T
signal would have to be negative.)

For example, lea's say that QI is saturate(' and Q2 is cut-off. We apply
a posit;ve pulse at T. The pulse will be passed to oth transistors.
The positive pulse will not affect Qx %UKe it is already cut-off. Qi.

'however, will become cut-off which will IOM'S!! 02 to become saturated.
The transistorr have reversed states.

On the block diagram below, which represents the Multivibrator of Figure 14.
thi Timis (1) Input Is as shown in Figure 15.

r 1 - 0 1

1 : I _1' 1 1

1 * A 1 1 1 1

-r--r--r -- r r--r

; 1 1

TO
1 1 I 1 1 1

Ti 12 13 T4 T5

-Vu

13%!

-Iv"

Figure i5
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. Narrative(

Now let's see what happens
of theieultivibrator shown

flopfOs in the clear state
prior to TO.

r r

Twenty Three-I

when triggers are applied to all three inputs
in Figure 14. In Figure 16 assume,the flip-
("1" °utak is 0.0 volts, "0" output is high)

*

Figure 16

OV

1--Vcc

-4-0V
Vec

TO TI 12 T3 Y4 1$ 1$

At TO a trigger is applied to the set input and the multivibrator changes
states. Next, the clear input is triggered and the flip-flop returns to
the clear state at Ti. A 'toggle pulse at T2 causes the multivibrator to
change state, so it is once again set. Another toggle changes the flip -
eflop to the clear state at T3 (notice that toggle triggers flip the mult
;vibrator regardless of Its state). Now a set input trigger at T4 sets
the flip-flop. The clear input pulse at T5 clears the circuit, and the
clear input at T6 has no effect on the flip-flop, for it is already In
the clear state.

To summerise, a set input will set the flip-flop if it is in the clear
state, otherwise, it will not do anything; a trigger at the clear input
can only clear the circuit if it is set; and a trigger spat:1W to the
toggle will cause the bistable multivibOator to change states regardless
of what state It Is in.

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. IF YOU
ANSWER ALL SELF-TEST ITEMS CORRECTLY, PR)CEED TO THE NEXT LESSON.
-IF yoll INCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS,
THE'CORRECT ANSWER PIKE WILL REFER YOU TO THE APPROPRIATE PAGES,
PARAGRAPHS, 0: FRAMES SO THAT YOU CAN RESTUOY THE PARTS OF THIS
LESSON YOU ARi HAVING DIFFICULTY WITH. °IF YOU FEEL THAT.YOU HAVE
FAILED YO UNDERSTAND ALL, OR MOST, OF THE LESSON, SELECT AND USE
ANOTHER WRITTEN MEDIUM OF INSTRUCTION, AUDIO/VISUAL MATERIALS (IF
APPLICABLE), OR CONSULTATION WITH LEARNING'SUPERVISOR, UNTIL YOU
CAN ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CPECK CORRECTLY.
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Overview Twenty Three-II

OVERVIEW
LESSON II

Astable Multivibrator Operation (Free-Running)

In this lesson, you will study and learn about the function of a basic
astable multivibrator; its schematic and its output waveform.

The learning objectives of this lesson are as follows:

TERMINAL OBJECTIVE(S):

23..45 When the student completes this course, he will be able to
TROUBLESHOOT multivibrator (flip-flop, free-running, one-shot)
circuits, given a prefaulted training device, appropriate

schematics (or technical manual), test equipment, and neces-
sary tools. Remove and replace similar components on a prac-
tice circuit board. Faulty component identification must be
100% accurate. Component replacement must pass Learning
Supervisor's inspection.

ENABLING OBJECTIVE(S):

When the student completes this lesson, he will be able to:

23.2.45.4 IDENTIFY the schematic diagram of a free-running (astable)
multivibrator by selecting the correct schematic from a set
of four choices. 100% accuracy is required.

23.2.45.5 IDENTIO the correct output waveform of a basic free-running
(astable) multivibrator by selecting the correct waveform
description or illustration from d set of four choices. 100%
accuracy Is required.

23.2.45.6 CONSTRUCT a basic free - running (astable) multivibrator,

given a schematic diagram or a parts layout template for a
free-running or astable multivibrator and a supply of parts.
The constructed circuit must be operational as specified
in the job program.

38
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OVERVIEW

23.2.45.6.1 OBSERVE, RECORD, and INTERPRET normal and abnormal output
waveforms of a free-running (astable) multivibrator, given
the, necessary schematics, tools,job program, oscilloscope,
and components or circuit boards. All measurements must
fall within tolerances stated in the job program.

BEFORE YOU START THIS LESSON, READ THE 1ESSON LNRNING OBJECTIVEt AND
PREVIEW THE LIST OF STUDY RESOURCES ON THE NEXT PAGE.
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LIST OF STUDY RESOURCES
LESSON III

Monostable MultivlbratorAperation (One-Shdt)

To learn the material in this lesson, you have the option of choosing,
according to your experience and preferences, any or all of the follow-
ing study resources:

Written Lesson presentation in:

Module Booklet:

Summary
Programmed Instruction
Narrative

Student's Guide: ,

Job Program Twenty Three-III-1 "Monostable Multivibrator"
Job Program Twenty Three-III-2 "Multivibrator Systems"
Progress Check

Additional Material(s):

Audio/Visual Program Twenty Three -Ill "Monostable Multivibrator
Operation"

Enrichment Material(s):

Basic Electronics,. Vol. 2, NAVPERS 10087-C

YOU MAY USE ANY, OR ALL, RESOURCES
SUPERVISOR; HOWEVER, ALL MATERIALS
TO ACHIEVE LESSON OBJECTIVES. THE
TIME.

LISTED ABOVE, INCLUDING THE LEARNING
LISTED ARE NOT NEOWARILY REQUIRED
PROGRESS CHECK MAY 'BE:TAKEN AT ANY
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Summary Twenty Three-II

. SUMMARY
LESSON II

Astable Multivibrator aeration (Free - running]

An estable multivibrator Is also known as a free-running multivibrator.
It is called free-running because it freely alternates between two differ-
ent output voltage _levels. The output is a square-wave used for timing' ,

and jating purposes in electronic equipment.

The schematic of the astable multivibrator Is shown in Figure 1.

OUTPUT
NO.1

Figure 1

Like, the flip-flop, the astable multivibrator has two outputs. But

the astable multivibrator has no Inputs.. It is a type of oscillator
since it generates a continuous output signal Co square wave) with no

input. signal.

When the circuit rs energized, one of the transistors will cut-off.
Therefore, one output will be a relatively high voltage (approximately
-Vcc) when the other output is a low voltage (approximately 0 V).

OUTPUT
NO.2
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Figure 2 Illustrates an.astable multivibretor with Ql saturated and Q2
cut-off.

OUTPUT
NO.t

0

(SATURATE01

- Vcc

RI

Figure 2

OUTPUT
W0.2

02
(CUT-OFF)

The circuit will remain in this state for a definite period of time.
This period of timi is determined by the time constant R2 X Cl. Capacitor
CI is connected to the base of transistor Q2 (which is now cut-off). As
the'right side of Cl charges (becomes more negative), the base- of Q2
Is also becoming more negative. When the base of Q2 becomes sufficiently
negative to cause Q2 to conduct, Q2 will rapidly saturate. The resulting
rise In voltage at output 12 (from approximately -Vcc to approximately
Ov) Is transmitted through C2 to the base of transistor Ql. Transistor

Q1.1 then goes into a state of cut-off.

42
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Summery Twenty Three-11

The conUitioni 9f the two transistors have now been reversed. Figure 3
illustrateg Q1 cutpf, and Q2 saturated.

Figure 3

Now the left side of C2 will become more and more negative, depending on
the time constant R3 X C2.

The base of Q1, consequently, becomes more and more negative. After a
definite period of time, Q1 will again saturate and Q2 will cut-off.

The output voltage from transistor Q2 is illustrfted in Figure 4.-

TIME DETERMINED BY R3 X C21

OZ CUT OFF
(TIME DETERMNED BY R2XCii

Figure 4

The output voltage (from either output) continually alternates from
approximately 0 V to approximately -Vcc -- remaining In each-state for
a definite period of time. This output is used for various timing
purposes -- operating like an electronic clock.
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Summary Twenty Three-Ii \\

\\AT THIS POINT, YOU MAY TAKE THE LESSON' PROGRESS CHECK. IF YOU
ANSWER ALL SELF-TEST ITEMS CORRECTLY, PROCEED TO THE NEXT LESSON.
IF YOU INCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS,
THE CORRECT ANSWER PAGE WILL REFER YOU TO THE APPROPRIATE PAGES,
PARAGRAPHS, OR FRAMES SO THAT YOU CAN RESTUDY THE PARTS OF THIS
LESSON YOU ARE HAVING DIFFICULTY WITH. IF YOU FEEL THAT YOU HAVE
FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSON, SELECT AND USE
ANOTHER WRITTEN MEDIUM OF INSTRUCTION, AUDIO/VISUAL MATERIALS (IF
APPLICABLE), OR CONSULTATION WITH LEARNINGSUPERVISOR, UNTIL YOU
CAN ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECk CORRECTLY. .
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11.1. Twenty Three-II

PROGRAMMED INSTRUCTION
LESSON II

Astable Multivibrator Operation (Free-running)

THE TEST-FRAME 1$ 7. GO FIRST TO TEST FRAME 7 AND SEE 1F YOU CAN ANSWER
ALL THE QUESTIONS THERE. FOLLOW THE OIRECTIONS GIVEN AFTER THE TEST
FRAME..

1. The astable multivibrator is a type of oscillator. A square wave -

oscillator. Once it is energized, it will develop a continuous.square
wave at either of its two outputs (F.igure 1).

AWAKE
OUTPUT NW

IOULTIVISRATOR
(NEE MIMING) OUTPUT W).2.

Figure 1

Recall that the bistable multivibrator (flip-flop) required a trigger
input pulse to change states. The astable multivibrikor doesn't even have
ny inputs. change stateslutometically, staying in each state

f a definite period of time. You will find that this circuit is also
ca ed the free-running multivibrator; once it gets started, it wili-freely
cha e from a high voltage to a low voltage level and back and forth with
no trigger Input pulses. .

The output of a free-running multivibrator is a

a

square

-- --- ------



P.1. Twenty Three -ii

2.. Does the schematic in Figure 2 look familiar? it is similar to the
flip-flop schematic.

Figure 2

OUTPUT
NO.!

The biggest difference Is thdt the astable wItIvibrator has no inputs,
yet It has two outputs. Like the flip-flop, one of the transistors will
saturate aerrie other teansistor will cut off when we energise the-cir-
cuits: So if ?du measured a high voltage at one output, you would measure
a.low voltage at the other output.

In figure 2, if Qi is saturated, Q2 must be

cut -err

3. The flip-flop and the astable muitivibrator look similar. Why should
they operate differently? Why does the astable muitivibrator "oscillate",
whereas the flip-flop doesn't?, Let's explore the reasons.

52
116



er

P.I. Twenty Three-II

Refer to Figure 3.. lay that transistor CO is conducting; but transistor Q2
It cut-off.

Figure 3

Essentially ALL the current in the circuit flows through.U. Q1 offers
almost no resistance to'current.

Notice that capacitor Cl rtkehiiging. Since 01.1 has almost no resistance
In a saturated state, the rate of charge of Cl is dependent on which time
constant?

a. RI X.C1

b. R2 X Cl
c. R3 X CI

b. R2 X Cl 0

4. Why do you suppose we are concerned with the charging of Cl? Well,

,notice that Cl is connected to the base of transistor Q2. Q2 is cut-off.

Out as itssbese becomes more ative because of the charging of Cl, Q2
start to conduct and wil T apidly saturate. (Remember that the con-

duction of a transistor is controlled by the voltage on its bise.)

53
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,QA Ts now Conducting. What effect do you thibk this will have on QI?
_Refer to Figure 4.

Figure 4

When 0 saturates, output 02 changes from approximately -Vcc to approx-
imately Ov. This rise in voltage will be coupled through C2 to the base
of QI,4causing 111 to go into cutoff.

. When Q2 saturates, Q1 will become .

cut-off

6
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5. Essentially ell the current in the system now flows through W. See

Figure S.

Figure 5

WO now have the mirror image of whet we had a moment ago. The left side
of capacitor C2 will 40W become more negative at a rats determined by the
time constant R3 X C2. As the left side of Cl becomes more negative, the
base of 40 will also become more negative. When the bass of Qi becomes
negative enough to allow Q1 to conduct, Q1 will again go into saturation
and 42 will again go to cut-off.

The length of time that transtptor Q1 remains cut-off is determined by
the charging rate of capacitor

is, 55
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6. Let's analyze the output voltage from transistor Q2. Refer to Figure 6.

OY---

-

TIME DETER INED BY R3X C2)

02 CUT-OFF
Mtn DETERMINED BY R2XCi)

Figure 6

The output voltage continually alternates from approximately 0 V to approx-
imately -Vcc -- remaining in each state for a definite period of time. The
time may range from a microsecond to as much as a second or two in many
applications, tila time period of high voltage and the time pt.'41 of low
voltage will be equal.

Some applications, however, require different high and low voltage times.

Suppose you need an astable multivibrator that produces an output with
different pulse widths. Maybe something like Figure 7.

_FL 11 _II_
OR
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P.1. Twenty Three-11

To do this, you would need to change the time the transistor is cut-off.
Well, how about changing the RC time constants? Look at Figure 8.

Figure 8

The time Q2 is in a cut-off state will be determined by the

of R
2
X C. When R

2
X C

1

reaches a predetermined value the

becomes sufficiently negative enough to cause it to go into

09TPUT
NO.2

Time Constant
base of Q2

conduction.

When Q2 goes into conduction, C2 will begin to charge. Once C2 reaches
a predetermined value, it will cause Ql to go into conduction and cause

Q2 to cut-off once again. Q1's cut-off time will be controlled by the

time constant of R3 X C
2'

So what good is it? Well, the astable multivibrator is used in many
applications that require triggering at a particular frequency. in a

sense, it's an electronic clock -- ticking and tocking at a steady rate.

The astable multivibrator is used for

a. amplification.
b. timing.

c. regulation.
d. differentiating.

51
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b. timing.

7. TEST FRAME

(I) The astable (free- running) multivibrator has

a. two inputs, two outputs.
b. one input, one output.
c. one'input, two outputi.
d. no inputs, two output.

(2) The output of an astable mltivibrator is a

a. negative DC voltage.
b. a square wave.
c. a sine wave.
d. positive DC voltage.

(THIS IS A TEST FRAME. COMPARE vOUR ANSWERS WITH THE CORRECT ANSWERS
GIVE.' AT THE TOP OF THE NEXT PAGE.)
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(I) d. No inputs, two outputs.
(2) b. A s9yare wave..

)F YOUR ANSWERS ARE INCORRECT, GO BACK-TO FRAME I AND TAKE THE PROGRAmHED
SEQUENCE.

AT THIS POINT, YOeMAY TAKE THE- LESSON PROGRESS CHECK. IF YOU

ANSWER ALL SELF-TEST ITEHS CORRECTLY, PROCEED Tq THE NEXT LESSON.
IF YOU INCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS,
THE CORRECr ANSWER PAGE,WILL REFER YOU TO THE APPROPRIATE PAGES,
PARAGRAPHS, OR FRAMES SO THAT YOU CAN RESTUDY THE PARTS OF THIS
LESSON YOU ARE HAVINt DIFFICULTY WITH. IF YOU FEEL THAT YOU HAVE
FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSON, SELECT AND USE
ANOTHER WRITTEN MEDIUM OF INSTRUCTION, AUDIO/VISUAL MATERIALS (IF
APPLICABLE), OR CONSULTATION WITH LEARNING SUPERVISOR, UNTIL YOU
CAN ANSWER AIL SELF - `PEST ITEHS ON THE PRDGRESS CHECK CORRECTLY.

6

4
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NARRATIVE
LESSON II

Astable Multivibrator Operation '(Free- running)

An astable multivibrator is also known as a free-running multivibrator.
'W call itfree-running because it freely alternates between two dijer-
ent output4yoltage levels all the time it is on. The output remains at
each voltage level for a definite period of time. if you looked at
this output on an oscilloscope, you would see,-the below wavefo:

4. .M 1

TIME
Figure I

Remember what this kind of waveform is called? It is a square-wave. The

astable multivibrator operates like a square-wave oscillator.

Why do we say it is like an oscillator? Well, an oscillator is a circuit
that generates a continuous output waveform with no input signal. The
astable multivibrator has no input. You should recall *_h2* the bistable
multivibrator (flip-flop) has two inputs and two outputs. The astable

multivibrator also has two outputs, but no inputs.
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The schematics for the two multivibrators appear similar. Take a look at

the astable multivibraior schematic in Figure 2.

Figure 2

OUTPUT
NO.2

In addition to appearance, there are other similarities between the
astable and bistable multivibrators. Like the flip-flop, one of the
transistors will saturate and the other transistor will cut-off when

we energize the circuit. Therefore.' one output will be a relatively
high voltage (approximately -Vcc) when the other output is a low

voltage (approximately 0 V).

But the astable hultivibrator "oscillates," whereas the flip-flop
doesn't. In order to explain why the astable multivibrator oscillates,
let's assume that transistor Q1 saturates and transistor Q2 cuts off
when we energize the circuit. This situation is shown in Figure 3.

56



NarratiVe Twenty Three-II

Figure 3

Essentially ALL the current in the circuit flows through Ql. Ql offers
almost no resistance to current.,

Notice that capacitor Cl is charging. Since Q1 has almost no resistance
in a saturated state, the rate of charge of Cl is dependent on which time
constant?

a. RI X CI

b. R2 X CI

C. R3 X CI

b.- R2 19

Let's tike another look at Figure 3. Notice that the right-hand side of
capacitor Cl is connected to the base of transistor Q2. Q2 is now cut-
off.

Let's put one and one together. First one: the right-hand side of
capacitor Cl is becoming more and more negative. Second one: if the

base of Q2 becomes sufficiently negative, Q2 will conduct. Conclusion:
after a certain period of time, the base of Q2 will become sufficiently
negative to cause Q2 to change from cut-off to conduction. What do you
suppose determirA how long it takes for 42 to become saturated? The

time constant,' you say. What time constant? "R2 X Cl."
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So what hopper now? Look at Figure 4.

- OUTPUT
010.1

RI

4.
Vcc

0I

(CUT-0149

Twenty Three -ti

OUTPUT
010.2

rCIV
Mke

02

(SATURATED)

Figure 4

The negative voltage on the right side of capacitor Cl has caused Q2 to
conduct. Now the following sequence of events will take place alMost
instantaneously. Q2 starts conducting and quickly saturates, and the
voltage at output 12 changes from approkimately -Vcc to approximately
0.0v. This change in voltage will be coupled through C2 to the base of Qi,
causing Q1 to cut-off.

Now we have Q1 in cut-off and Q2 in saturation. See Figure 5.

vcc

Figure 5
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Notice that Figure 5 is the mirror image of Figure 3. The left side of

capacitor C2 will now become more negative at a rate determined by the
time constant R3 X C2. As the left side of C2 becomes more negative, the

base of Q1 will also become more negative. When the base of Q1 becomes
negative enough to allow Ql to conduct, Qi will again go into saturation.
The resulting change in voltage at output #1 will cause Q2 to go back to
cut-off.

The length of time that transistor Q1 remains cut-off is determined by the

charging rate of capacitor

C2

Let's take a look at the output voltage from transistor Q2.
Figure 6 illustrates the waveform at the output of Q2.

-Vac -

(TIME DETER INED BY R3X C2)

02 CUT-OFF
(TIME DETERMINED BY R2XCg)

Figure 6

The output voltage (from either output) continually alternates from approxi-
mately O.Ov to approximately -.Vcc -- remaining in each state for a definite
period of time. The time may range from a microsecond to as much as a

second or two. In many applications, the time period of high voltage
(-Vcc) and the time period of low voltage (O.Ov) will be equal.
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Some applications, however, require different high and low voltage times.
Timing circuits ana gating circuits often have different pulse widths.
(Figure 7.)

TIME OETIRIAINED ST m33tC21

02 CUT OFF-----1-
(TIME OETIMINED ELT n2xe.1)

OR
02 MTV 12:1

IJ
02 CUT-OFF

Figure 7

To increase the length of time a transistor is saturated or cutoff, one
of the RC time constants ((R3 X C

2
) or (K2 X C

1
)] must be increased.

The astedie multivibrator is basically used as a timing circuit or a gating
circuit. Sometimes it is called an electronic cloc -- ticking and tacking

at a s:eady rate.

the output of an astable multivibrator is

a. negative DC voltage.
b. a square wave.
c. a sine wave.
d. positive DC voltage.

b. a square wave

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. IF YOU
ANSWER ALL SELF-TEST ITEMS CORRECTLY, PROCEED TO THE NEXT LESSON.
IF YOU INCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS,
THE CORRECT ANSWER PAGE WILL REFER YOU TO THE APPROPRIATE PAGES,
PARAGRAPHS, OR FRAMES SO THAT YOU CAN RESTUDY THE PARTS OF THIS
LESSON YOU ARE HAVING DIFFICULTY WITH, IF YOU FEEL THAT YOU HAVE

FAILED TO UNOERSTAND ALL, OR MOST, OF THE LESSON, SELECT AND USE
ANOTHER WRITTEN MEDIUM OF INSTRUCTION, AUDIO /VISUAL MATERIALS (IF
APPLICABLE), OR CONSULTATION WITH LEARNING SUPERVISOR, UNTIL YOU
CAN ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY.
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OrRVIEW
LESSON

Monostable Multivibrator_2peration (One-Shoti

In this lesson, you will study and learn about the schematic, function,
the inplat end:output weveflorms of a monostable multivibrator.

The learning objectives.of th:s lesson are as follows:

TERMINAL OBJECTIVE(S):

23.3.45 When the student cohpletes this course, he will be able to
-TROUBLESHOOT multivibrator (flip-flop, freerunning, one-shot)
circuits, given a prefaulted training device, appropriate
schematics (or technical manual), test equipment, and neces-

sary tools. Remove and replace similar components on a prac-
tice circuit board. Faulty component identification must be
100% accurate. Component replacement must pass _earning
Supervisor's inspection.

ENABLING OBJECTIVE(S):

When the student,completes this lesson, be will "be able to:

23.3.45.7 IDENTIFY the schematic diagram of a one-shot (monostable)
multivibrator by selecting the Correct schematic fiom a

1, set of four choices. 100% accuracy is requIred.

23.3.45.8 IDENTIFY the correct output waveform of a basic one-shot
(monostable) multivibrator by selecting the correct one-shot
multivibrator output, for a given input, from a set of four
Ichoices. 100% accuracy is required.
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23.3.45.9 CONSTRIAT a basic one-shot (monostable) multivibrator, given
a schematic dianram or a parts layout teMplate and a supply

of parts. The constructed circuit must be operational as
specified in the Jo!! program.

23.3.45.9.1 OBSERVE, RECORD, and INTERPRET normal and abnormal output

waveforms of a one-shot (monostable) multivibrator, given
the necessary schematics, tools, job, program, an oscillo-

scope, and components or circuit boards. All measurements
must fail within tolerances stated in the job program.

23.3.45.10 IDENTIFY a malfunctioning component in a prefaulted multi- //
vibrator (Bistable, Astable, Honoitable) circuit, given //
the necessary tools,'job program, a prefailted trainin /

ro

79
device, an oscilloscope, and the appropriate technic
manual or schematic. Fault diagnosis to be 100% c rect.

BEFORE YOU START THIS LESSON, READ THE LESSON LEARNING OBJECTIVES AND
PREVIEW THE LIST Of STUDY RESOURCES ON THE NEXT PAGE.
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LIST OF STUDY RESOURCES
LESSON III

Morost+kle Multivibrator Operation (One-Shot)

To learn the material in this lesson, you have the option of choosing,
according to your experience and preferences, any or all of the follow-
ing study resources:

Writteu Lesson presentation in:

Module Booklet:

Summary
Programmed Instruction
Narrative

Student's Guide:

Job Program Twenty Three-I11-1 "Monostable Multivibrator"
Job Program Twenty Three-III-2 "Multivibrator Systems"
Progress Check

Additional Material(s):

Audio/Visual Program Twenty Three-Ill "Monostatle MultivibratOr
Operation"

Enrichment Material(s):

Basic Electronics Vol. 2, NAVPERS 10087-C

YOU MAY USE ANY, OR ALL, RESOURCES LISTED ABOVE, INCLUDING THE LEARNING
SUPERVISOR; HOWEVER, ALL MATERIALS LISTED ARE NOT NECESSARILY REQUIRED
TO ACHIEVE LESSON osArrivEs. THE PROGRESS CHECK MAY BE TAKEN AT ANY

TIME.
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SUMMARY

LESSON ill

Monostable Multivibrator Operation (One-Shot)

The monostable multivibrator circuit is basically used for pulse- shaping.
Frequently it is known as a one-shot multivibrator. It is used in
computer logic systems, electronic control systems, radar pulse-forming

systems, and communication/navigation equipment. The one-shot will
take a series of input trigger pulses and convert them to uniform square
pulses (Figurefl).

T1. T2 T3

MONOSTABLE
MULTIVIBRATOR

Figure 1

-1:11.111111.
31 12 T3

A schematic for a monostable multivibrator is shown in Figure 2.

Figure 2

65
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Immediately after the one-shot is energized, transistor Ql will cut-off pnd

transistor Q2 will saturate. Notice that a positive voltage (+1/1113) is applied

to the base of Ql through R5. Q2 will saturate because Of the negative
voltage applied to its base through R2. The ci-rcuit is now in its stable.

state (monostable means one stable state), as shown in Figure 3.

The output of the one-shot is taken from the collector of Q2. Since Q2
is saturated, the output voltage is apreoximately 0 V (Figure 3).

Figure 3

As long as you do not apply an input signal, the output will continuously
measure zero volts.
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if you apply a negative pulse at; the input of the one-shot circuit in

Figure 4, the base of Q1 will become negative. Ql will immediately sat-
urate -- causing the voltage at its collector to rise to approximately
zero volts. This Hsi in voltage is coupled through Cl to the base of Q2 --
causing.Q2 to cut-off. When Q2 stops conducting, the voltage at its col-
lector drops to approximately - Vcc*

The output voltage is now -Vcc. The output voltage will now remain at

-V
cc

for a definite period of time determined by the time constant

R2 x CY. In other words, as the right side of Cl becomes more and more
negative, the base of Q2 will become more and more negative.

R4

OUTPUT

OV-t

02
(CUT-OFF)

Figure 4

7
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Eventually, the base of Q2 will become sufficiently negative to cause
Q2 to conduct. Q2 will rapidly saturate, and the output voltage will
rise to 0 V. The circuit has then returned to its stable state (Fig-
ure 5).

Figure 5

Each time a negative pulse is applied to the input, tim one-shot output will
change from 0 V to -V

cc
. It will remain at -V

cc
for a definite length of

time. Then it will automatically return to 0 V.

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. IF YOU

ANSWER ALL SELF-TEST ITEMS CORRECTLY, PROCEED TO THE NEXT LESSON.
IF YOU INCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS,
THE LORRECT ANSWER PAGE WILL REFER YOU TO THE APPROPRIATE PAGES,
PARAGRAPHS, OR FRAMES SO THAT YOU CAN RESTUOY THE PARTS OF THIS
LESSON YOU ARE HAVING DIFFICULTY WITH. IF YOU FEEL THAT YOU HAVE
FAILED TO UNDERSTAND ALL, OR MOST, Or THE LESSON, SELECT AND USE
ANOTHER WRITTEN MEDIUM OF INSTRUCTION, AUDIO/VISUAL MATERIALS (IF
APPLICABLE), OR CONSULTATION WITH LEARNING SUPERVISOR, UNTIL YOU
CAN ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY.
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S
PROGRAMMED INSTRUCTION

LESSDN III

Monostable Multivibrator Operation (One-Shot)

TEST FRAME IS 11. AS BEFORE, GO FIRST TO TEST FRAME 11 AND SEE IF YOU
CAN ANSWER ALL THE QUESTIONS THERE. FOLLOW THE DIRECTIONS GIVEN AFTER
THE TEST FRAME.

1. There are numerous applications of the monostabie multivibrator. You
will discover that it is a very versatile circuit. It is used in computer
logic systems, electronic control systems, radar pulse-forming systems,
and communication/navigation equipment. Each of these systems requires
a circuit that takes a series of input trigger pulses and converts than
to uniform square pulses. All the square output pulses will be the same
amplitude and time duration. See Figure 1.

MULTIVIBA =R 1.1
11

31-=--11-
T2 T3

L
- T1 T2 T3

Figure 1

The monostable muitivibrator could best be classified as a/an:

a. amplifier circite
b. pulse-shaping circuit.
c. oscillator circuit.
d. filter circuit.

b. pulse-shaping circuit.
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2. The schematic for the monostable multivibrator (also known as the one-
shot) is shown in Figure 2.

-vcc

Figure 2

OUTPUT

The one-shot circuit has only one input (recall that the astable multivib-
rator has no inputs and the bistable multivibrator has two inputs). There
is generally only one output -- taken from the collector of Q2. A second

output could be taken from the collector of Ql. This second output would
be the exact reverse of the first.

The monostable multivibrator has input(s).

er.

one

70
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3. The previous two multivibrators (astable and bistable) were symmetrical.
The monostable is not symmetrical. Notice that the two transistors in the
monostable multivibrator (Figure 3) are biased differently.

02
MATURAT 201

fNPLIT 0
ti+Vbb

Figure 3

.-...t,r_When the circuit is first energized, a positive voltage is applied to the

,/ base of Q1 through the voltage divider action of R5, R3 and Rir, while a
Illnegative voltage is applied through R2 to the base of Q2. As a result,
sal is cut off and Q2 saturates. The circuit will remain in this state
indefinitely; it will not change unless some external force affects it.
This is the reason for the circuit's name; it has onli one stable state
(monostable).

44

.In its static state, Q1 IQ the monostable multivibrator (Figure 3) will
be (hut off/saturated) and Q2 will be (cutoff/saturated).

1

.P

cut off, saturated (in that order)
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4. Let's take a closer look at what this circuit is doing in its sta-
ble state. With Q2 saturated, its collector voltage is -0.5 V 04 drop-
ping most of Vcc) so R3 and R5 act as a voltage divider between Vbb and

ground. The potential at the tie point between R5 and R3 is somewhere
between 0 volts and +6V, thus the voltage on the base of Qi mist be po-
sitive and, as we said earlier, Qi is held at cut off.= With Q1 cut off,
its -ollector voltage is at -12V, for without current flow through RI,
there is nO voltage drop across RI. R2 is dropping nearly all of Vcc,

because one end is connected to V
cc

and the other end to negative 0.3

volts at the base of V. Cl, with one end connected to -12V a, Q1's col-
lector, is charged to approximately 12 volts with the left end most
negative.

1 -12v)

-

Figure 4

Basically, this circuit will-not change statc4 because
connected to a positive voltage.

QI's base

72
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5. NoW let's get to that "external force" that tan change the state of
this multivibrator. A negative trigger pulse of'about one volt (or more)
at the input will cause Q1 to conduct, and Q1's collector voltage will
instantly change to nearly zero volts. The charge on Cl now will act as
a voltage source with its left side at ground potential and a positive
voltage on its right base terminal. This positive voltage will cut off
Q2; Q2's collector will promptly go to -12V; and the R3-R5 voltage di-_
vider will hold the base of Ql to about -0.3V to lock Q1 in saturation.

When an input pulse cuts off Q1, the sudden change in its collector vol-
tage is coupled to Q2 by

6. Once again, let's go over the circuit in detail, this time looking
at conditions as they are just after a negative input pulse has been
applied. Ql is saturated; it's collector has a very small voltage; and
RI drops approximately 12 volts. Cl is charged to nearly 12 volts, so
the base of Q2 is about 11 volts positive -- more than enough to positively
cut off Q2. With Q2 cut off R3, R4 and R5 act as a voltage divider
network between -12 V (V

cc
) and 4.6v (Vbb). The circuit values

are chosen so that this holds Q1's base at about -3V which keeps Q)
conducting.

(-12v)
ve4

R4

-12v
OUTPUT

.-1/00

01 02

(SaumneW
C2 RS

(CUT -OF

iNPUTo-----T
(4.abbm-mr

Figure 5

What component causes the.base of Q2 to be positive?
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Cl

7. The circuit is now in an unstable condition. It will remain in this
state for a definite period of time. It will then revert automatically

back to its original stable state.

In figure 6, electrons flowing through R2 to the right side of Cl will
balance the charge on CI (discharge CI) so that the base of Q2 gradually
becomes more negative. At some paint, Q2 will start conducting again;
this will cause Q1 to cut off and the circuit will flop back to its sta-
ble state. The length of time that Q2 is cut off depends on the RC time
constant of Cl and R2. (You may want to review Retime constants at
this time.,

What will happen to Q2ss cut off time if the value of R2 increases2

Q2 will be cut off longer .

8. Let's use a timing diagram to quickly go through this operation again.
(A timing diagram is a series of wave forms taken from different points
in a circuit and drawn on 'the same time base to show time relationship.)

Figure 6

So
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I

1.49- SAMPLE STITEt- CI CI CRAM efl- STRIKE STIT(
Er -1

OV

_
41 COLLECT* SOF

VII
i

12 HU IV

-11e4-----7

12 COLLECTOR iv

USE 11 1-- I _

TI TI T2 T3 T4

Jr t 1%...

e
e1---r

I _ t_
e

I

I

Figure 7
. -

At time zero (T0) the circuit is in its stable state and all the voltages

are just sitting there, nice and steady -- until T1. T1 is when we apply

as itiput pulse and a lot of things start happening; (Ills collector goes
positive to about zero volts, Cl couples the positive charge to the base
of 42.--Q2-cuits off and ceusici-ts-collector voltage to drop toe-I2V, and
this causes the base of Ql_to drop to a negative value (saturate). Re- '

member, all this happens so fast that we can't see any time difference
in these events.

Now, during the time from T1 to T2, Cl is discharged by the current

through R2, and their time constant determines how long it is from T1 to

T2. All this time the collector of Ql is at zero volts, the collector of

Q2 is negative, and Ql's base is negative.

At T2, the base of Q2 finally becomes negative enough to cause Q2 to con-

duct. The other voltage changes' shown on tho diagram take place instantan-
eously and the circuit returns to its stable state -- except for the peak at
the base of Q2. You've probably already guessed that this peak is
caused by CI'. :harging back up to twelve volts. This charge time is
much shorter for the charge path is through RI now, and RI has much less
resistance than R2. As soon as Cl has completely charged,, the multivibra-
tor reverts to its stable state and will just sit and wait for. the next
input pulse to come along.
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What determines the length time that the collector ar Q2 remains nega-
tive?

The time constant or and R2.

9. The normal output from the one shot multivibrator is taken from the
collector of Q2, so the output is a,fixed width, negative pulse for each
input pulse. If, for some reason, we want a positive going pulse, we
can use a circuit containing NPN transistors or we can take the output
from the. col lector of Q1 in a PNP transistor circuit. (See Figure 6 in
Frame 8.)

Select the correct output waveform given the below input waveform to a one-
shot multiv;brator which uses PNP transistors.

TI T2 TS

a.

Vec

Tl T2 T3

b. Ov

Vac.
T 1 T2- T3

Vac.LJ
Ti T2 T3

d. Ov.

TI T2 T3

b..

TI T2 T3
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10. The input trigger pulses and the output square pulses may be either
positive or negative depending on the type of transistors used in the one-
shot. The circuit discussed up to this point used PNP transistors. The
inputs and outputs were negative.

Say that the below one-shot circuit used NPN transistors. Select the correct
output waveform.

Ti T2 T3

6.0v

*Vec

b.0v

+vac

c. Ov

*Vac

d.Ov

T2 T3

T1 T2 T3

T1 T2 T3

T1 T2 T3

d. "cc

COv
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11. TEST FRAME.

1. The basic function of a monostable multivibrator is:

a. filtiring.

b. pulse-shaping.
c. amplification.
d. differentiating.

2. Select the correct output aveform given the below input waveform
to a one-shot multivibrator which uses NPN transistors.

T1 72..

b.

C.

d.

"-2-11=d110SHOT
ONE

_JUL
T1 T2

Ti T2

T1 T2

T1 T2

(THIS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT AKSWU.S
GIVEN AT THE TOP Of THE NEXT PAGE.)
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1. b. pulse shaping

2. a.

Ti "T2

IF YOUR ANSWERS MATCH THE CORRECT ANSWERS YOU HAVE COMPLETED THE PROGRAM-
MED INSTRUCTION FOR LESSON III MODULE TWENTY THREE. OTHERWISE GO BACK TO
FRAME 1 AND TAKE THE PROGRAMMED SEQUENCE BEFORE TAKING TEST FRAME 11 AGAIN.

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. IF YOU
ANSWER ALL SELF-TEST ITEMS CORRECTLY, PROCEED TO THE NEXT LESSON.
IF YOU INCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS,
THE CORRECT ANSWER PAGE WILL REFER YOU TO THE APPROPRIATE PAGL,
PARAGRAPHS, AR FRAMES SO TMAT YOU CAN RESTUDY THE PARTS OF THIS
LESSON YOU ARE HAVING DIFFICULTY WITH. IF YOU FEEL THAT YOU HAVE

FAILED TO UNDERSTAND ALL, OR KOST,,OF THE LESSON, SELECT AND USE
ANOTHER WRITTElloMEDIUM OF'INSTRUCTION, AUDIO/VISUAL MATERIALS (IF
APPLICABLE), OR CONSULTATION WITH LEARNING SUPERVISOR, UNTIL Y(U
CAN ANSWER ALL SELF-TESTATEMS ON THE PROGRESS CHECK CORRECTLY.
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Monostable Multivibrator Operation (One-shot)

The operation of the monostable multivibrator (one-shot) is relatively
simple. You trigger the input with a pulse of voltage. The output
changes from one voltage level to a different voltage level. The output
remains at this new voltage level for a definite period of time. Then
the circuit reverts automatically to its original condition -- remaining
that wax until another trigger pulse is applied to the input.

The schematic for the one-shot (another name for the 'ono-stable multivi-
brator) is shown in Figure 1.

INPUT

OUTPUT

Figure 1

Like the other multivibrators, one transistor will saturate and the other
transistor will cut off when we energize the circuit.

After you first energized the other two multivibrators, it was impossible
to preciretawhicn transistor would initially go to cut-off. But the one-
shot circuit is not symmetrical like the flip-flop and the astable multi-
vi,rators. Positive voltage (+Vbb) is applied through R5 to the base of
Ql. This positive voltage will cause Q1 to cut-off. Transistor Q2 will
saturate because of the negative voltage applied from -Vcc to its base
through R2.

Therefore, Q1 will be cut-off and Q2 will be saturated before we apply
a trigger pulse.
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The output of. the one-shot is connected to the collector of Q2. Since Q2
is saturated, the output voltage is approximately 0.0V. (Figure 2.)

The circuit is now in its stable state. The, monostable multivibrator has -

one stable state (mono means one; monostable means one stable state). As

long as you do not apply an input signal, the output will continuously
measure zero volts.

Let's take.a more detailed look et the circuit conditions in this stable
state (refer to Figure 2). As we said Qi is cut off, so there is no cur-
rent flow through Ri and the collector of Qi is at -Vcc. QZ is saturated
and has practically no voltage drop across it, so its collector is at
essentially zero volts. R5 and R3 form a voltage divider from +Vbb to
the ground potential at Qt's collector. The tie point between these two
resistors must therefore be positive. Thus the base of Ql is hell) posi-

tive ensuring that Q1 re ..sins cut -off. Q2 will remain saturated because
the base of Q2 is very slightly (probably about 0.5V) negative, for it is
returned to -Vcc and Q2's condition will keep its base potential near its
emitter potential by the voltage drop across R2. Now, if the collector
of Qi Is near -Vcc and the base of Q7 is near ground; Cl must be charged
to nearly. Vcc volts with the rolarity shown in Figure 2.
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OK, now that we have all the components and voltages sorted out for the

stable state -- let's see how it operates. This is done by applying
a negative pulse at the input terminal. C2 couples this voltage

change to the base of Ql and starts Q1 conducting. Ql will quickly satur-
ate, and its collector voltage will immediately rise to ground potential.
This sharp voltage rife will be coupled through Cl to the base of Q2 --
causing Q2 to cut-ofir. Q2's collector voltage immediately drops to Vcc;
the voltage divider formed by R5 and R3 will then hold Ql's base negative
(it's designed that way), and Ql is locked in saturation. This is
shown in Figure 3.

We have now turned the one-shot "on" by applying a pulse at the Input.

It should turn itself "off" after a period of time. Let's see if it does.

Looking at Figure 3, we know Ql is held in saturation by a negative volt-
age connected througi R3 to its base, so the circuit can't be turned off
here. Let's look at the base of Q2. This base is connected to the nega-
tive supply (-Vcc) through R2. so the base is negative and Q2 is conducting,
right? Wrong! We just coupled a positive voltase change (pulse) from Ql's
collector to the base of Q2 and cut Q2 off. Plybe we need to take a closer
look at what is happening here! When the collector of Q1 switches from
-Vcc volts to zero volts, the charge on Ci acts like a battery with its
negative terminal on Ql's collector and its positive terminal connected
to Q2's base. and this voltage is whal cuts Q2 off. But R2 connects the
positively charged plate of CI to a negative source, so Cl must begin to
discharge througl. 0 to ground. back through -VCC, through R2 and the
other side of CI, How long uill it take for Cl to discharge? That
depends on the RC time constant of Cl and R2. (Yo4 mill want to review
RC Time Constants.) A timing diagram ( Figure 4) shows trAse,events in
a way that should be fairly clear now. Go back chrough the description
following the events in these waveforms if you aren't sure you understand
what is happening.
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1.11- STAILE STATE

IllaT ay
I

I-11- - -- - -I
+YabF-- - -- - - I

IMF-Yee_____
i

IM r......i .....
-1/661---------L

OISCNAISE Cl el14141- -0±*- STAKE STATE

1

Il CILIUM

12 IASI

42 eILLECTIII

41 ME

Iv

+alb - --
IV -

tree

Cl

TI Ti

r

T3 T4

Figure 4

The only part of the operation not described so far is the short Cl charge

time that occurs right after Ql and Q2 return to their stable states.
This is simply the time required for Cl to galn'electrons or its left
side, and it is determined by the R1 X Cl time constant.

Figure 5
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The lengthla time that the output remained at -Vcc was determined by the

time constant R2 x Cl.

Nolo the output will remain at 0 volts until another pulse is applied at

the input.

By now, you are probably w)ndering "What good is it?" Well, the one-shot

multivibrator is a very useful circuit. Basically, it is used as a pulse-

shaping circuit. A series of trigger pulses at the input will produce a
series of uniform square. ,:411ses at the output. See Figure 6.

MONOSTABLE Iz:romi
MULTIVIBRATOR

T1 T2 TS Ti T2 T2

, Figure 6

Applications include computer logic circuits, electronic control circuits,
radar pulse-forming circuits, and comriunication/navigatic equipment. As

you continue your study of electronics, you will encount r various appli-

cations of the one-shot as part of more complex circuit . Like the other
multivibrators, it is a building block that performs one function In a
larger structure.
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Given the below input waveform to a one-shot multivibrator, select the
correct output waveform.

T1 T2 T3

ONE Fel ?
NOT

T1 T2 T3

T1 T2 T3

T1 T2 13

T1 T2 T3

a.

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. IF YOU

ANSWER ALL SELF-TEST ITEMS CORRECTLY, PROCEED ro THE NEXT LESSON.
IF YOU INCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS,
THE CORRECT ANSWER PAGE WILL REFER YOU TO THE APPROPRIATE PAGES,
PARAGRAPHS, OR FRAMES SO THAT YOU CAN RESTUDY THE PARTS OF THIS
LESSON YOU ARE HAYING DIFFICULTY WITH. IF YOU FEEL THAT YOU HAVE
FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSON, SELECT APD USE
ANOTHER WRITTEN MEOIUM OF INSTRUCTION, AUDIO/VISUAL MATERIALS (IF
APPLICABLE), DR CONSULTATION WITH LEARNING SUPER%'ISOR, UNTIL YOU
CAN ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORIFCTLY.
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